Introduction: Results of unicompartmental knee arthroplasty (UKA) revision are known but the severity of bone loss and the need for reconstruction are not detailed for different tibial implants. Hypothesis: Metal-backing UKA revision exposes the patient to more severe tibial bone loss and requires more substantial reconstruction procedures than cemented polyethylene UKA revision. Materials and methods: This retrospective series of 23 revisions of UKA to total knee arthroplasty (TKA) compared 11 all-polyethylene UKAs with 12 metal-backing UKAs. Factors that contributed to failure were aseptic loosening (n = 12) and osteoarthritis evolution (n = 11). Both groups were similar regarding the demographic and clinical features. We reported bone loss and the reconstruction procedure to fill it according to the initially used tibial implant. The results were evaluated with the IKS score to a follow-up of 37 months (range, 24-67 months). Results: There were more tibial segmental bone loss (10 versus 3) and more metal wedges (8/12 versus 2/11) in metal-backing UKA revision (P < 0.05). Tibial stems were more often used in metal-backing UKA revision (12/12 versus 7/11) (P = 0.04). The results of TKA at follow-up did not differ according to whether the revised tibial implant was all polyethylene (IKS = 155 [range,) or metal-back (IKS = 155 [range,. Discussion: This study suggests that metal-backing UKA revision exposes the patient to more severe tibial bone loss requiring more substantial reconstruction. These results must be confirmed on a larger population, but surgeons should be alerted to this kind of revision surgery, which warrants having available a revision knee prothesis. Level of evidence: Level III, case-control study.
Introduction
Substantial progress has been made on the indications for unicompartmental knee arthroplasty (UKA) [1] [2] [3] [4] [5] , the selection of candidates for this procedure [6] [7] [8] [9] [10] , the surgical technique, and implant design, with the objective of achieving survival rates close to those of total knee arthroplasty (TKA) [11] [12] [13] [14] [15] [16] . Despite these advances, UKA patients are exposed to revisions related to loosening, the extension of osteoarthritis to the other compartments, and polyethylene (PE) wear [17] [18] [19] [20] [21] . These UKAs can include cement or cementless fixation and the tibial component of these cemented prostheses can be a metal-back baseplate (MB) or an all-polyethylene (AP) tibial implant [22, 23] . These factors can influence the onset of bone loss, which can be worsened by removal of a MB component, which requires a larger cut initially to keep a minimum PE thickness [24] [25] [26] . Analyses of revisions for failed UKA revisions have been detailed in the literature [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] , but to our knowledge the influence of a tibial metal-back component on bone loss and reconstruction has not been assessed.
The main objective of this study was to evaluate the bone loss and the reconstruction procedures in revision of cemented fixed-bearing UKAs depending on the type of tibial implant. The secondary objectives were to describe the clinical and radiological results of the revision prosthesis according to whether or not a metal-back tibial base had been used in the initial UKA.
Material and methods

Material
This retrospective single-center study included 23 patients (17 females and six males and included 19 medial UKAs and four lateral UKAs) who had undergone TKA for cemented fixed-bearing femorotibial UKA failure between 1993 and 2009. In ten cases, the TKA was performed in another institution. Different total knee prostheses were revised (Table 1) , but they all were cemented and had a fixed-bearing base. Eleven implants had an AP tibial implant and 12 a MB tibial baseplate. Both groups were comparable in terms of demographic and clinical data ( Table 2 ). The mean PE thickness was 11 mm (range, 8-14 mm), 10 mm (range, 8-14 mm) for the AP group and 12 mm (range, 11-13 mm) for the MB group (metal-back thickness included). There was no difference between the two groups in terms of etiology, HKA angle before revision, or time to revision (Table 2) .
Method
Surgical revision of UKA was always performed via the initial approach. No minimally invasive approach was performed. The femoral component was extracted by releasing the bone-cement interface using osteotomes and/or a reciprocating saw. The AP tibial implant was extracted using the same method at the bone-cement interface by cutting the PE plugs with the reciprocating saw. These plugs and the remaining cement were then extracted using bone curettes. The MB tibial implant was extracted, after breaking the bone-cement interface, using a reciprocating saw and a wide osteotome placed under the tibial base loosened with a hammer. The amount of bone loss was assessed after implant extraction using the Engh and Ammeen method [37] and classified as cavitary or segmental lesion. The reference for the tibial cut was the healthy compartment where a 10-mm-thick section was resected; residual bone loss was then evaluated at this level. The revision was always planned with the same posterior-stabilized prosthesis (Nexgen, Zimmer, Warsaw, Poland) because it allowed either implementation of reconstruction and tibial stem extension procedures or opting for a more constrained implant depending on the state of the peripheral ligaments during surgery. The reconstruction algorithm was the following: for a cavitary lesion or when a segmental lesion was less than 7 mm (measured from 10 mm below the healthy base level), an autologous cancellous bone graft, with or without cementing, was performed. For a residual segmental lesion greater than 7 mm (measured from 10 mm below the healthy base level) a metallic half-wedge was put in place. In cases in which the bone loss was filled, a tibial stem extension was always used. All the implants were cemented and the patella was always resurfaced.
Evaluation method
Tibial bone loss was assessed after removal of the implants, specifying cavitary or segmental bone loss according to Engh and Ammeen [37] . The depth of the bone loss was measured from 10 mm below the healthy base. The need for tibial reconstruction and the type of prosthesis used for revision were recorded. Femoral bone loss was simply quantified. The IKS functional score [38] and the position of the revision prosthesis (HKA angle and tibial varus angle [angle ␤]) were evaluated based on the presence or absence of a metallic tibial base with a revised unicompartmental prosthesis.
Statistical analysis
The results were analyzed with the BiostaTGV software (http://marne.u707.jussieu.fr/biostatgv/, Insermuniversité Pierre-et-Marie-Curie, Paris, France Bone loss according to use of metal-back tibial component 3 
Results
The intervention was performed in 14 cases by a senior surgeon. An osteotomy of the tibial tuberosity was required in two cases. Extraction of the femoral implant was possible with no surrounding lesion in six cases for the AP group and in nine cases for the MB group. Femoral bone loss occurred in ten out of 23 cases. For the tibial component, the extraction was difficult and resulted in increased bone lesions in one case for the AP group and in four cases for the MB group. In the AP group, three cases of segmental tibial bone loss were observed, two greater than 7 mm. Reconstruction required autologous cancellous bone graft or cementing in five cases and a metallic wedge in two cases. No filling was used in four cases. A posterior-stabilized prosthesis was implanted in ten cases and a more constrained prosthesis (constrained condylar knee prosthesis [CCK]) in one case (Table 3 ). In the MB group, ten cases of segmental tibial bone loss were observed, eight greater than 7 mm. Cancellous bone grafting and cementing were used in four cases and a metallic wedge in eight cases (Table 3) . Nine posteriorstabilized prostheses and three CCK-type prostheses were implanted. Tibial bone loss was significantly more severe, explaining the more frequent need for metallic wedges and tibial stem extensions in the MB group (Table 3 ). The mean PE plateau thickness of the TKA implant was 12 mm (range, 10-17 mm) in both groups.
The mean follow-up time in this series was 37 months (range, 24-67 months). The mean overall IKS score of the revision prosthesis was 155 points (range, 107-195 points) for the AP group and 155 points (range, 121-172 points) for the MB group. As for the radiographic results of the TKA at follow-up, the mean HKA angle was 180
• (range, 178-182 • ) and the mechanical tibial angle was 90
• (range, 88-94 • ) in the AP group. For the MB group, the HKA angle was 179
• (range, 172-182
• ) and the mechanical tibial angle was 89
• (range, 88-90 • ) with no significant difference between the two groups. The type of tibial implant in the unicompartmental prosthesis therefore did not influence the IKS score nor the TKA at follow-up.
Discussion
This study confirms the hypothesis postulated given that the UKA revisions with a metallic tibial baseplate were accompanied by greater bone loss than the UKAs using an AP implant and also required more reconstruction procedures. On the other hand, the type of tibial implant in the UKA did not influence the functional score or the HKA mechanical axis and the orientation of the tibial implant. The functional results were comparable to those reported in the literature (Table 4) [29] [30] [31] [32] [33] 39] .
This study presents several limits:
• the study included a limited number of cases, but the implant removal technique, bone loss assessment, and reconstruction procedures were the same for all patients. In particular, the population with unicompartmental prostheses removed was homogenous because they were all cemented and had a fixed-bearing baseplate; • like all UKA revision series, this study was retrospective, but we had no patients lost to follow-up and were able to conduct a case-control study on two comparable groups (Table 2 ); • finally, the follow-up period was short, which did not allow us to judge the repercussions of bone loss on revision implant survival. The latter point is related to our choice to include one revision prosthesis model, which led to excluding older cases in which different TKA revision models were used.
Padgett et al. [35] consider that these UKA revisions are difficult, which we do not confirm provided that there is a standardized implant removal technique and that different reconstruction procedures are anticipated [27, 28, 31, 33] . To improve planning for bone loss, Springer et al. [40] proposed tracing on the preoperative X-ray a straight line perpendicular to the mechanical tibial axis passing under the level of the tibial implant of the unicompartmental prosthesis: if the distance between this line and the level of the healthy joint space is less than 10 T. Rouanet et al. probably not useful. We used a comparable bone loss quantification procedure and the present study raises the warning for surgeons on the difficulties involved with revision UKA using a metallic tibial baseplate, most often requiring reconstruction procedures. To explain this frequency of tibial bone loss during revision of UKAs with metallic tibial baseplates, three factors should be discussed:
• the effect of a greater tibial cut for metal-back bases since the thickness of the tibial component was greater for this group (Table 2 ); • a slightly higher loosening rate (7/12 versus 6/11) in the MB group (NS), which could favor bone loss through tibial tray movement; • and the difficulty removing metal-back components, which has an effect on the aggravation of tibial bone loss, with operators considering they had worsened lesions in four metal-back implant removals versus a single case of PE implant removal.
This series confirms that bone loss during revision of UKA is more often located in the tibia (Table 5) . Although filling was systematic in our study, treatment of bone loss lesions is often more variable in the literature (Table 6 ). For moderate bone loss less than 1.5 cm and cavitary bone loss, some authors recommend autografts [27, 29, 35] , whereas for larger or segmental lesions the majority of authors recommend using autografts or metal wedges [28] [29] [30] [31] 33, 41] . We recommend using tibial stem extension whenever bone loss must be filled, even if it is only cavitary, so that stresses are more appropriately distributed. Most loosening failures after UKA or TKA revision are revisions for which a tibial stem extension was not used to protect a reconstruction device [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] 42, 43] . A constrained prosthesis should not be used immediately unless ligament balance is very difficult to obtain, which is rare with only one hinge TKA out of 54 revisions for Châtain et al. [33] , two of 73 for Chakrabarty et al. [36] , and four CCKs out of 23 in the present series. 
Conclusion
All in all, the revisions after UKA with a metal tibial baseplate undergo greater bone loss than after an AP tibial implant and more frequently require use of local reconstruction procedures and structural reinforcement using metaphyseal extension. Yet after this more substantial reconstruction, we observed no influence on the IKS score or on the axis of the total knee prosthesis at the study's follow-up.
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